nature of corollary hypotheses about the meaning of obscure inscriptional dating formulas, and this in turn would render even firm conclusions about the Bamboo Annals unpersuasive. Rather than assuming that all three sources of primary chronological evidence, the Bamboo Annals, the bronze inscriptions, and other literary evidence contained in, for example, Shangshu, or Shiji ie, necessarily refer to the same chronological system, it seemed to me more advisable to devise an independent test of the Bamboo Annals chronology first, without prejudging the outcome, to determine whether such a reconstruction could meet reasonably objective standards of proof.3 Otherwise, if the main test of coherence and validity becomes whether various types of evidence can be brought into conformity with a single hypothesis, generally a presumptive date for the Zhou Conquest, the procedure begins to bear an uncomfortable resemblance to one criticized by Irving Rouse: 'The investigator formulates a " Ruling Theory " and seeks to convince us that it is correct. He does not actually test his theory; he only offers additional evidence to support it-more evidence of the same kind. One can " prove " any plausible ... hypothesis in this manner, no matter what its validity relative to alternative hypotheses, for the reasoning is circular.' 4 Other scholars, notably Chou Fa-kao and David Nivison, have advocated an all-inclusive approach, formulated most explicitly by the latter: My procedure will be to develop at first several independent lines of argument leading to the same conclusion about the dating of the beginning of Chou. Some of these lines of argument, in particular, will require certain kinds of analysis of the data bearing on the dates of the following kings, analysis that could not be carried out successfully unless my conclusions about these dates are correct.... When complete, the whole interconnected argument is validated by its own coherence. Some individual statements in this structure of argument would not bear examination if taken by themselves, and if considered in this way they will seem tendentious. But it is the whole structure that should be the object of critical appraisal; and that structure will be found to be tied to a firm empirical base at certain points that are logically connected to every other part of it.5 To me the advantages of the alternative 'benchmark' approach are obvious. For one thing, in view of the uncertainty about calendrical practices in Western Zhou, such an approach recognizes that it is neither necessary nor advisable to claim that 'the problem of the Conquest date and the problem of Zhonguo tianwen xue shi :r4 IXiK (Beijing: 1981) , shows that the terms chuji fjj)', jishengpo tl3 , jfiwang a , and jisipo a M C could not be the names of four lunar phases.
Chuji fJJ :, strictly speaking, does not denote a lunar phase at all, but is a calendrical term referring to the first ten-day week of the month during which each of the ' heavenly stems' tiangan X -= makes its initial appearance. The remaining three terms refer to the waxing fortnight, the day or days of full moon, and the waning fortnight, respectively. In addition, the article demonstrates But an earlier dating of that eclipse to 899 B.C. by Pang Sunjoo has now been independently confirmed by astronomers studying the problem of ancient eclipses,7 so that it is obviously incorrect to state that 'the dating of the kings must be right if the dating of the bronzes is to be mathematically possible.' Clearly, using David Nivison's method and assumptions (from which Chou Fakao departs only in minor detail) it is quite possible to date incorrectly not just one, but at least a dozen bronze inscriptions in the reign of a single king. Yet, here we are said to have a 'firm empirical base which is logically connected' to every other part of the reconstructed chronology. What happens then, one must ask, to the entire reconstructed edifice of Western Zhou chronology, the proposed date of the Conquest, the analysis of the lunar phases, and the argument from coherence, when the date 903 B.C. proposed for Yi Wang is demonstrably wrong by four years? If it is true that scientific knowledge advances by disproofs, in the present case where it is the whole structure that is meant to be the object of critical appraisal, one is left to wonder what has been proved when few of the underlying assumptions have been tested independently, and when it is possible for the same method to generate not only two radically different reconstructions of Western Zhou chronology as a whole but also two different dates for the Conquest five years apart.8 8Chou Fa-kao, 'Xi Zhou niandai xin kao', basing himself on the same corpus of bronze inscriptions containing complete dating formulas, and using virtually the same definitions for the lunar phase terms as David Nivison, arrived at dates for the bronzes which agree completely with Nivison's (i.e., both as to reign and date) in only 9% of cases, or five inscriptions out of fifty-three. In an additional ten cases where the two agree about the assignment of an inscription to the reign of a particular king, they disagree as to the year because their reconstructions of the dates and lengths of reign of the eight kings Cheng J-through Yi ^k differ considerably: The point here is not to denigrate the efforts that produced these reconstructions of the Western Zhou chronology, but simply to suggest that something is seriously amiss with the general method and with certain assumptions on which the reconstructions are based. What we ought to be aiming for is the sort of stepwise approach that John R. Platt has denoted by the term 'strong inference': ' the method of most rapid progress in such complex areas, the most effective way of using our brains, is going to be to set down explicitly at each step just what the question is, and what all the alternatives are, and then to set up crucial experiments to try to disprove some.' 9 This is not the place to undertake a detailed critique of the arguments adduced in the interpretation of the individual bronze inscriptions, which analysis is, ultimately, crucial. It is appropriate to suggest, however, that methods which at this stage permit such flexibility may be legitimately challenged as not living up to the claim of mathematical rigour. Throughout reconstructions based on the dating of bronze inscriptions, such as those of Nivison, Chou and others, various assumptions about calendrical conventions come into play, frequently in concert, which permit the month in question to vary by plus or minus one, and/or the precise location within the lunar phase to vary by up to seven or eight days. This makes for considerable latitude when it comes to placing specific inscriptions in the reconstructed calendar of years, months, and cyclical signs. If, in addition, as in Nivison's reconstruction, the assignment of otherwise incompatible inscriptions is achieved by dating them two years later than would be expected on the assumption that each king maintained two distinct royal calendars commencing two years apart, the cyclical dates defining a given month can conveniently be increased by 18 days: if the first day of the first month of 922 B.C. was day guiyou (10), the first day of the first month of 920 B.C. will be day xinmao (28).
Thus, if one is hard pressed to fit an inscription in a particular lunar quarter of a given month, the chances of success improve significantly if a second alternative is assumed to exist two years later. In this way a total of 48/60 (i.e., days 10 to 58) or 80% of all possible sexagenary designations now become available as target dates. If, in addition, one also allows the expedient (as Nivison does) of choosing a target month 29 or 30 days earlier or later depending on which definition of 'first month' is adopted for that particular year (yielding in the example above months beginning on days 57 or 58), then well over 100% of all possible sexagenary combinations (i.e., days 10-58 plus days 58-28 in the example from 920 above) become potentially available, while at the same time the lunar phase can in certain cases be varied by up to a fortnight. That being the case, it is difficult to see how the numerical imperatives implicit in the procedure tell us more about Western Zhou calendrical conventions than about the degree of permissiveness necessary for the dating method to succeed.
Small wonder that such a method can allow the misdating (or misidentification) of at least a dozen inscriptions in the reign of a single king. The fact that Chou Fa-kao was able to place the identical fifty-three inscriptions within the same calendar of two hundred years without resorting to the expedient of dual royal calendars underscores the tenuousness of that thesis.10 Underlying this method is the paradoxical proposition that it is possible to proceed from the assumption that the Western Zhou calendar was not fixed, but rather quite fluid, to the conclusion that imperfectly understood inscriptions can be dated 
Systematic error in the Bamboo Annals disclosed by astronomy
Earlier I reported on the astronomical dates of the planetary portents that evidently signalled the bestowal of Heaven's Mandate on the Three Dynasties Xia, Shang, and Zhou.12 These data together with the dates of certain other events accompanying the Zhou Conquest make it possible to analyse in isolation the chronology and internal composition of significant portions of the Bamboo Annals without relying on potentially misleading assumptions about the dating of later bronze inscriptions and without first attempting to reconcile the Bamboo Annals with chronologies foreign to the Bamboo Annals system. It is apparent from the astronomical dates of events that certain distortions have been introduced into the Bamboo Annals chronology in the course of its redaction, both prior to burial of the work in 296 B.C. and subsequent to its discovery in A.D. 281. Moreover, the systematic nature of the distortions that have been worked on the Bamboo Annals chronology make it clear that, then as now, they very probably came about as a direct result of unsuccessful attempts to establish by some means the dates of the Zhou Mandate and Conquest. By studying the effects of these early revisions of the chronology of the Conquest period, it is possible to trace the developments that produced the system now found in the Bamboo Annals without relying on contingent hypotheses originating in solutions to the chronology current during late Zhou and Han, or, for that matter, devised within the past few years. In this passage, presumably interpolated into the Guanzi during the late third or second century B.C., the five elements are arranged in their 'mutual production' sequence to reflect their periodical dominance during the course of the year.
Because of the ideological debate described above and perhaps also because of the association of' Wood ' with jiazi (the first in the series of sixty ganzhi, the day of the planetary conjunction of 1059B.C., and the day of the Zhou Conquest), the phase 'Wood' came henceforth to be closely linked with the prestige of Zhou. Consequently, by mid-Han times astrological speculations concerning the founding of Zhou began to associate that dynasty with Wood as well as with Fire. Although the earlier, astronomically correct association of the cosmic force of Fire with the Zhou dynasty persists in the passages concerning the Phoenix, Cinnabar Writings, and the like, the more detailed speculation has clearly shifted in favour of the association with Wood and correlated categories like the colour azure, the planet Jupiter, lunar mansion Room, and by implication, Spring, the East and so on. The reason why the dislocations are so difficult to survey or to summarize as a whole is that they are not unidirectional. It is as if one had a slide-rule with three independently movable scales, the left-hand scale graduated using the years of Di Xin's reign, the centre scale marked off in years B.C., and the righthand scale showing the Mandate sequence plus King Wu's reign. In the unreconstructed Bamboo Annals chronology recovered from the tomb (table 1) both the left-hand and the right-hand scales were slid back, as it were, four years relative to the centre scale graduated in years B.C.. Then, during the process of reconstruction of the chronology in the third century A.D. both left and right scales were not slipped further, but instead were suddenly extended both ways from the middle by having twelve additional years spliced into them precisely in the Conquest period. And, to make matters worse, the splices were not made in the equivalent locations in each. The result was that the left and right-hand scales were incommensurately dislocated relative to the centre scale, and relative to each other, so that in numerical terms the amount of dislocation in a single scale vis a vis another may actually vary depending on whether one compares the portion of the chronology preceding or following the splice. Individually the dislocations will be simple enough to understand, but visualizing how they all relate to one another is another matter. The dislocations will all be explained and illustrated, but it will help to keep the above image in mind through the discussion that follows. (see table 3 ).
In precise numerical terms, what this means is that from the thirteen-year Mandate sequence which originally defined the interval, the last four years have been eliminated, leaving nine years. This nine-year sequence was made to precede the presumed twelve years of King Wu, making a total of twenty-one years for the interval. In real terms, this produced a net inflation of eight years (21 -13 = 8). In this way, a twelve-year backdating of the entire Mandate calendar and the accession year of King Wu relative to the date of the Conquest translates into an equivalent eight-year shift back of the date of the planetary conjunction. This eight-year backdating, together with the antecedent four-year error in the entire chronology of Shang and Western Zhou, produced the total twelve-year error in the date assigned in Bamboo Annals to the conjunction, making it 1071 rather than the true 1059 (see table 2).
Here the temporal sequence of the innovations, indeed the whole problem of cause and effect, although complex, becomes especially interesting, for the numerical consequences of the third-century A.D. adaptation of the chronology are different depending on whether we are speaking in terms of absolute or relative dating. As we saw, the twelve-year backdating of the Mandate calendar described above is not simply a result of the insertion of twelve fictitious years into the reign of King Wu. Rather, it was first and foremost an ad hoc solution to a problem in relative chronology-how to reconcile the traditional concept of a Mandate calendar, identified with the final years of King Wen's reign and the Conquest, with a Conquest date in a 12th year supposed to belong to King Wu's reign. This problem arose gradually in late Zhou and Han as speculative theories proliferated and the actual sequence and significance of the early events became increasingly obscure. The adoption of the Mandate conjunction loca-tion of Great Fire was originally a Yinli innovation dating from the fourth century B.C.,34 it certainly predated the discovery of the Bamboo Annals. When the problem and this innovation were brought together in the late third century A.D. during the effort to reconstruct the newly discovered text of the Bamboo Annals, the location Great Fire newly assigned to the planetary portent now served as a catalyst in stimulating a rethinking of the conundrum involving the Mandate calendar and King Wu's reign. A new synthesis was devised-' the twenty-one year' solution-whose twelve-year apparent (effectively only eightyear) shift back of the Mandate led to a compounding of the pre-existing fouryear error. Therefore it was the adoption of the location Great Fire for the Mandate conjunction that was at once the cause of the shift from a thirteen to a twenty-one year model for the relative chronology, as well as the cause of the backdating of the conjunction by an additional eight years to 1071 in absolute terms. 35 That it was indeed this revision that produced the Bamboo Annals chronology as it now appears is evident from several peculiarities in the way events are reported during the nine years of Di Xin's reign following the planetary conjunction, and from a contingent discrepancy of sixteen years in the correlation between Di Xin's reign and his true calendar years. prove that here his reign years were indeed shifted back precisely as predicted as a consequence of the post-discovery reconstruction of the text.43 During restoration of the Bamboo Annals after its discovery, many other manipulations would clearly have been necessary to rearrange the disordered bamboo slips in a plausible sequence, as thirteen years of actual history were being' stretched ' to occupy twenty-one years of the chronicle. At the same time, events of Di Xin's years 33 to 36 are reproduced as they must originally have appeared before any distortions entered the chronicle. This being the case, their 'fixed ' location, because of the fact that they could easily be keyed to the events dated according to the Mandate sequence by collation with sources like Shangshu dazhuan, also imposed constraints on the reconstruction of the chronology that are bound to have left traces.
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Like the Mandate sequence, these four years of Di Xin (33-36) were moved back relative to the Conquest because of the addition of twelve years to the end of Di Xin's reign. In absolute terms, therefore, the events of Di Xin's 34th year, for example, now became correlated with 1069, rather than with 1053 as in the true chronology, for a total shift of sixteen years (table 3) . But because the dates of the Mandate sequence were only moved back a total of twelve years in absolute terms, Di Xin's 34th year, originally equivalent to the 6th year of the Mandate, now came to correspond to the second post-conjunction year, or by definition, the 2nd year of the Mandate. The result was, of course, a net' loss' in absolute terms of four Mandate sequence ' slots' in which to record events, so that, for example, events of the original Mandate years two to five (e.g. as reported in Shangshu dazhuan) would all have had to be squeezed into the short space of only two years between Di Xin's 32nd year (the Bamboo Annals date in his reign for the planetary conjunction) and his 34th year. If we now examine table 4 with this in mind we find that this is obviously the case in the current Bamboo Annals.
To take another example, Di Xin's true reign of forty years was lengthened by twelve years which he never actually lived in order to provide the span of time needed to correspond to the hypothetical eleven-year pre-Conquest reign of King Wu, plus the final year of King Wen. Di Xin's years 37 to 40 actually corresponded to Mandate years 9 to 12 and should contain the account of King Wen's death and the closing years of the Shang dynasty. But when the chronology was expanded, Mandate years 10 to 12 became transformed into King Wu's years ten to twelve, and Di Xin's years 37 to 40 suddenly became a rather inconsequential period a dozen or so years before the end of the dynasty in his 'new' 52nd year. They were essentially emptied of their contents, the events they contained being reassigned to the ' new' final years of his reign, years 49 to 52. When we look up this period in the Bamboo Annals and compare it with the Mandate sequence as reported in other sources, we find something rather interesting (table 4).
In the 36th year of Di Xin's reign the Bamboo Annals correctly records that King Wen sent Heir Apparent Fa to lay out the new city Hao. We know that this would have followed the removal to Feng in the 7th year, hence we conclude that the date was originally equivalent to the Mandate 8th year. Then, 
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in the 40th year of Di Xin's reign the Bamboo Annals currently records that Zhou built the Spirit Tower and that the Shang king sent an emissary to demand jade in tribute from Zhou. From other sources we know that King Wen was responsible both for constructing the Spirit Tower and for refusing to pay tribute,44 hence these events could not really have taken place four years after those of the 36th year, since King Wen died in the spring of Di Xin's true 37th year, the 9th year of the Mandate. These two entries in the Bamboo Annals thus record separate events that actually occurred in the same year; the present Bamboo Annals record for Di Xin's 36th year is true and that for the 40th year is false. Only two of the intervening years 37 to 39 have entries in the Bamboo Annals, and the sketchy reports they contain are either misplaced, undatable, or both-they are merely 'place-holders'. The same gaps and sketchiness in the chronicle are evident in the' phantom' years of Di Xin's reign numbered fortythree to forty-nine. In this way, the superfluous years of the expanded ' twentyone year' solution were glossed over or filled with inconsequential or undatable contents.
By now it should be clear that this pattern of distortion in the chronicle's contents as well as the sixteen-year discrepancy between the Bamboo Annals chronology and Di Xin's true year count were caused by (i) the twelve-year backdating of the early Mandate calendar relative to the Conquest implicit in the 'twenty-one year' model employed in reconstructing the Bamboo Annals after its discovery, and (ii) the survival in four cases of true records of events that in fact occurred in the precise years in Di Xin's reign to which the chronicle presently assigns them. Only once the 1059 date of the Mandate was astronomically established in 1982 did it become possible to collate the early sequence of events in the Mandate calendar with the current Bamboo Annals version of events. The results just outlined therefore attest to the true correspondence between Di Xin's reign years and their absolute dates as given here. Their dislocation by precisely the amounts predicted both in relative (four years) and absolute terms (sixteen years), based on the incommensurate dislocation of the Mandate scale relative to the Di Xin scale, establishes the accuracy of this analysis of the chronology.
The picture of the reconstruction process that emerges from this consideration of the crucial period from conjunction to Conquest can be summarized as follows: first, a 'twenty-one year' model for the chronology was settled upon, based on the received traditions about the location of Jupiter during the Conquest and during the earlier planetary conjunction, and based on the mistaken assumption that the Conquest occurred in King Wu's 12th year. On the basis of this model the attempt was made to identify the proper year to which the Bamboo Annals entries, many of which lacked dated headings, should be assigned. Once the model was decided upon, the conjunction and Conquest were easily entered under the appropriate years, as were the entries for Di Xin's years thirty-three to thirty-six that still must have carried the original dated headings. These could be directly checked against the Mandate sequence as reported elsewhere. Since, however, these were original records, they forced certain adjustments when inserted into the new distorted chronology. One result was that the events of Mandate years two to five were squeezed into a space of only three years, while the events of Di Xin's 36th to 40th years became thinly distributed over the twelve newly-created years 41 to 52. The wholesale manipulation of both the relative chronology just described and the consequences for the absolute chronology, i.e., the additional eight-year backdating of the Mandate conjunction, together with the interpolation of the location 'Room' for the conjunction, and the likely misplacement of the slip containing three years of King Cheng's reign, all point to a post-A.D. 281 date for this entire process, one that bears all the earmarks of a painstaking effort to reconstruct a seriously defective text.
